Abstract: Three mixed ligand-complexes of Cu(II) were prepared using Schiff base ligands and characterized using analytical and physical techniques. Antimicrobial activities of the above synthesized Cu(II) complexes were performed against selected species of bacteria and fungi. All the three Cu(II) complexes under study showed good antimicrobial activity which was compared with standard antibacterial and antifungal drug.
Introduction
Copper is one of the most important metal ions in biological systems, as it plays an important role in the transport and activation of molecular oxygen. Owing to its versatile nature, a considerable amount of work has been published on copper with a variety of ligands. The ardent interest of copper(II)in this field is mainly due to its wide range of applications in the field of pharmacology, immunology and cancer therapy 1 .The chemistry of Cu(II) complexes with heterocyclics containing oxygen and nitrogen as ligands has attracted increased attention and variety of coordination modes have been explored only in recent years. The chemical literature provides information on such ligands with copper to form an interesting series of coordination compounds 2, 3 .
In the present investigation the author has made an effort to synthesize Cu(II) complexes of the Schiff base ligands reported previously 4 . The synthesized complexes were characterized by analytical, physical and spectroscopic techniques. The antimicrobial activity of the synthesized Cu(II) complexes were evaluated against two bacteria namely Escherichia coliand Staphylococcus aureusand two fungi namely Aspergillusnigerand Alternariasolani by disc diffusion method.
RESEARCH ARTICLE Experimental
The solvents and chemicals used in this work were of Analar grade. They included 1,10-phenantroline (Merck); Copper(II) chloride (Sigma). All materials used were of highest purity available and without further purification. Solvents employed were of 99% purity or purified by the known laboratory procedures. Thin layer chromatography was performed using Silica Gel G (Merck Index) pre-coated plates and thespots were visualized by exposure to iodine. All melting points (m.p.) were determined with a Büchi-530 melting point apparatus in open capillaries and are uncorrected. Infrared spectra were recordedin the range 4000-200 cm -1 on a JASCO FTIR-8400 spectrophotometer using Nujol mulls technique. 1 H NMR spectra were obtained on a Varian AC 400 spectrometer. ESI-MS were determined on Varian 1200L model mass spectrometer.
General Procedures

Synthesis of Cu(II) complexes
A separate methanolic solution of each previously reported Schiff base ligand (1 mmol) and phenanthroline (0.198 g, 1 mmol) in methanol was added drop wise to a methanolic solution of cupric chloride dihydrate (0.170 g, 1 mmol). The reaction mixture was stirred for 30 min and refluxed for 4 h on a water bath. The completion of the reaction was monitored by thin layer chromatography in n-hexane:methanol system (8:2). After the completion of reaction, the volume of the solution was reduced to half of its original volume and precipitated by adding into ice cold water. The solid compound obtained was filtered off, washed with hot water, methanol, then with ether and dried in vacuum over CaCl 2 .
Antimicrobial activity
The in vitro antimicrobial screening effects of the synthesized mixed ligand Cu(II) complexes (1-3) were evaluated against four bacteria namely Bacillus Subtilis, Escherichia coli, Staphylococcus aureus and Ralstonia solanacearum and three fungi namely Aspergillus niger, Aspergillus flavus and Alternaria solani by disc diffusion method using nutrient agar medium for antibacterial studies and potato dextrose agar medium for antifungal studies.
Results and Discussion
The formation of the copper(II) complexes was achieved by reaction of the previously synthesized Schiff base ligands(L) and 1,10-phenanthroline (phen) with copper(II) salt (M) in 1:1:1 [M:L:phen] ratio. The synthesized complexes are very stable at room temperature in the solid state. The Cu(II) complexes were insoluble in water and common organic solvents but soluble in DMF and DMSO.
Molar conductance measurements
The molar conductivity values of the Cu(II) complexes in DMF (10 -3 M solutions) were measured at room temperature and the results are listed in 
Thermal studies
The TG/DTG curves of complex 3 are shown in Figure 1 
IR spectra of copper(II) complexes
Comparison of the infrared spectral data of complexes and their corresponding ligands confirmed that complexation has occurred as significant shifts in the bands of the azomethine group ν C=N . The expected mode of interaction between the Schiff base ligand and the copper(II) ion was found to be the azomethine nitrogen group 6 . The IR spectra of complex 3 is shown in Figure 2 . The expected characteristic imine band in the region1582-1596 cm -1 , shifted to lower frequencies due to metal coordination. It is also very clear that a broad band in the region 3458 cm -1 due to hydroxyl group in complex 3 remains unchanged confirming the non-participation of OH group in the complexation. 
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Antimicrobial activity
The data pertaining to the antimicrobial potential of mixed ligand-Cu(II) complexes are presented in Table 2 . The results indicate that the complexes show more activity than the free ligands against same microorganisms under similar experimental conditions. The remarkable activity was observed for complex 3 may be arisen from the hydroxyl group, which may play an important role in the antibacterial activity as well as the presence of imine group which imparts in elucidating the mechanism of transformation reaction in biological systems. This would suggest that the chelation could facilitate the ability of a complex to cross a cell membrane and can be explained by Tweedy's chelation theory 7, 8 . All the test compounds show lesser activity than the standard antibiotics. 
Conclusion
Ternary copper(II) complexes with previously reported Schiff base ligands and 1,10-phenanthroline have been prepared and structurally characterized with the analytical, physical and spectral data. The antimicrobial results of the synthesized mixed ligand-Cu(II) complexes show better activity than their respective ligands but less than the standard drugs. Based on the above obtained data, following structures are assigned for the Cu(II) complexes (Figure 3 ). 
